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Abstract Green infrastructure (GI), a network of
nature, semi-natural areas and green space, delivers
essential ecosystem services which underpin human
well-being and quality of life. Maintaining ecosystem
services through the development of GI is therefore
increasingly recognized by policies as a strategy to
cope with potentially changing conditions in the
future. This paper assessed how current trends of
land-use change have an impact on the aggregated
provision of eight ecosystem services at the regional
scale of the European Union, measured by the Total
Ecosystem Services Index (TESI8). Moreover, the
paper reports how further implementation of GI across
Europe can help maintain ecosystem services at
baseline levels. Current demographic, economic and
agricultural trends, which affect land use, were
derived from the so called Reference Scenario. This
scenario is established by the European Commission
to assess the impact of energy and climate policy up to
2050. Under the Reference Scenario, economic
growth, coupled with the total population, stimulates
increasing urban and industrial expansion. TESI8 is
expected to decrease across Europe between 0 and
5 % by 2020 and between 10 and 15 % by 2050
relative to the base year 2010. Based on regression
analysis, we estimated that every additional percent
increase of the proportion of artificial land needs to be
compensated with an increase of 2.2 % of land that
qualifies as green infrastructure in order to maintain
ecosystem services at 2010 levels.
Keywords Ecosystem services  Green
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Introduction
Ecosystems are essential to human well-being (MA
2005). They provide vital goods and services, such as
food provision, carbon sequestration and water regu-
lation that support economic prosperity, social well-
being and quality of life. Biodiversity plays a key role
in the structural set-up of ecosystems which is
essential to maintaining basic ecosystem processes
and supporting ecosystem functions (Cardinale et al.
2011; Mace et al. 2012; Naeem et al. 2012). Conse-
quently many of the pressures that affect habitats and
species continue to impact ecosystem services as well.
As a result, the maintenance of sustainable provision
levels of ecosystem services is becoming a major
concern in Europe (Maes et al. 2013a, b). Land use
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change is reported as the single most important driver
of biodiversity loss (Foley et al. 2005; Metzger et al.
2006; Geneletti 2012). In turn, land use change is
strongly driven by population growth and urbanization
processes and the resulting increase in demand for
resources such as food and timber as well as space for
housing and a myriad of economic activities. At the
global level, land conversions occur often at the cost of
wild lands such as wetlands, natural areas and semi-
natural ecosystems (Lambin and Meyfroidt 2011).
One way to protect the natural capital which
delivers essential ecosystem services is the conserva-
tion of biodiversity using a network of nature reserves,
such as the European Union’s Natura 2000 network.
This network now covers almost 18 % of the EU
territory and is reported to deliver ecosystem services
worth € 300 billion annually (Ten Brink et al. 2011). If
we consider that biodiversity supports the delivery of
ecosystem services (Hector and Bagchi 2007; Cardi-
nale 2011; Isbell et al. 2011), ensuring the long term
survival of species and habitats that deliver key
ecosystem services is, arguably, a good policy strat-
egy. But the services that biodiversity delivers do not
stop at the borders of protected areas. Many ecosystem
services are generated outside nature reserves. Urban
green areas, for example, provide cheap and accessible
recreational opportunities to citizens (Go´mez-Bagge-
thun and Barton 2013; Lovell and Taylor 2013).
Floodplains, often situated on grasslands or pastures,
protect people and infrastructure in downstream areas
during peak flow events. Forests and woodland help
regulate water flows, capture carbon and air pollutants
from the atmosphere, and prevent soils from being
eroded. Some coastal ecosystems such as natural
beaches are among the world’s most visited ecosys-
tems and they act as a coastal defence against storms.
This network of the green infrastructure (GI) that
surrounds us is essential to deliver a wide range of
benefits to people. So, too, is maintaining and
investing in this network.
GI is an interconnected network of green space that
conserves natural ecosystem values and functions and
provides associated benefits to human populations
(Benedict and MacMahon 2002). Tzoulas et al. (2007)
define GI as all natural, semi-natural and artificial
networks of multifunctional ecological systems
within, around and between urban areas, at all spatial
scales. GI includes natural and semi-natural areas, and
green spaces in rural and urban, terrestrial, freshwater,
coastal and marine areas. However, not all green space
qualifies as GI. Two important properties of GI are its
internal connectivity and multi-functionality; hence,
both terms are common to most definitions of GI (EEA
2011).
The continued and sustainable provision of ecosys-
tem services and the protection of natural capital are
increasingly recognized by EU policies as a strategy to
cope with potentially changing conditions in the future.
In particular the EU biodiversity strategy to 2020 aims
under target 2 to maintain and enhance ecosystems and
their services by establishing GI and restoring at least
15 % of degraded ecosystems (EC 2011a). At the
European scale, the European Commission defines GI
as a strategically planned network of natural and semi-
natural areas with other environmental features
designed and managed to deliver a wide range of
ecosystem services. It incorporates green spaces (or
blue if aquatic ecosystems are concerned) and other
physical features in terrestrial (including coastal, urban
and rural settings) and marine areas (EC 2012).
This paper assesses the feasibility of reaching target
2 of the EU biodiversity strategy, building on a
relation between GI and the delivery of ecosystem
services at the regional scale in Europe. A novelty of
our approach is the dynamic coupling of ecosystem
service indicators with a fine spatial and temporal
resolution land use model. This allows us to explore
future ecosystem service provision in a spatially
explicit manner while taking into account the land-
use impacts of ongoing demographic, economic and
agricultural developments in Europe. To this end, the
paper firstly introduces the European Land Use based
Integrated Sustainability Assessment platform (LU-
ISA) and reports on a Reference Scenario, which was
established to assess the local land-use impacts of the
energy and climate targets in the EU up to 2050.
Following the work by Maes et al. (2012) and Dick
et al. (2014) we proceed to describe an aggregate
ecosystem service index which is made spatially
explicit at the European regional scale. This index is
based on eight separate indicators for several ecosys-
tem services, and is dynamically coupled to the
LUISA. This enables to examine how aggregate
ecosystem service supply is expected to change as a
result of future land use changes in Europe under
reference conditions. Finally we address the question
as to how ecosystem service levels can be maintained
under a scenario of increasing urbanization in Europe.
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Materials and methods
Land use modelling platform
LUISA is a dynamic, spatial modelling platform
which simulates future land use changes based on
biophysical and socio-economic drivers. Its core was
initially based on other land use models, namely the
Land Use Scanner (Hilferink and Rietveld 1999;
Koomen et al. 2011), and the CLUE and Dyna-
CLUE models (Veldkamp and Fresco 1996; Verburg
et al. 2006; Verburg and Overmars 2009), but its
current form is the result of a continuous develop-
ment effort by the Joint Research Centre (Lavalle
et al. 2011). It essentially downscales aggregate
amounts of land use change expected in the future to
a fine resolution using suitability maps for different
land uses and neighbourhood relationships between
land uses. The suitability and neighbourhood param-
eters are statistically calibrated based on observed
land-use patterns.
LUISA has been specifically designed to assess
land-use impacts of EU policies. It is meant to provide
a vision of possible futures and indicative qualitative
and quantitative comparisons between simulated sce-
narios and policy options at European level. It runs at a
spatial resolution of 1 ha. It simulates future spatial
patterns of a number of land-use groupings, namely
urban areas, industrial and commercial areas, arable
land, permanent crops, semi-natural vegetation and
forest land.
The platform accommodates multiple policy sce-
narios in order to represent different facets of EU
policy. Often LUISA inherits policy scenarios from
other sector models (Fig. 1). For example, land
demand for different agriculture commodities is taken
from the CAPRI model (Britz and Witzke 2008),
which takes on board the effects of the Common
Agricultural Policy. The most recent demographic
projections from Eurostat are used to derive future
demand for additional residential areas in each region.
Energy and economic policies are also passed to
LUISA through macro-economic models (Lavalle
et al. 2013; Batista e Silva et al. 2014), such as the
GEM-E3 and PRIMES (EC 2013). Other spatially
explicit land-use policies, such as transport improve-
ments or land-use regulations, are configured directly
in LUISA (Batista e Silva et al. 2013).
LUISA is structured in three main modules: the
land claims module; the land-use allocation module;
and the indicator module. Demand for different land
uses is defined within the land claims module. A finite
range of minimum and maximum number of hectares,
required to satisfy demands for each land use for each
year and for each NUTS 2 area, is computed using
outputs of exogenous models. These land claims are
passed onto the land allocation module. The role of
this second module is to spatially allocate the land
claims for the simulated land-use classes for each
region on an annual basis. The allocation is based on
the dynamic competition between land uses, which
takes into account spatial allocation rules that stem
from a combination of land demand, land-use suit-
ability, temporally-dynamic neighbourhood charac-
teristics and scenario/policy-specific decision rules.
The third module, within the context of this paper,
refers to indicators that compute the provision of
ecosystem services (Fig. 1).
A Reference Scenario for land use in Europe
The definition of the Reference Scenario is given in the
Energy Trends to 2030 publication by the directorate-
general for energy and for climate (EC 2010a) and the
Impact Assessment, annex to the Energy Roadmap
2050 (EC 2011b), as well as the Roadmap itself (EC
2011c). This definition specifies full implementation
of the Climate and Energy package. The legislation
included within the Climate and Energy Package
reflects the legally binding targets to ensure that the
EU meets its climate and energy targets for 2020:
20 % reduction in EU greenhouse gas emissions from
1990 levels; raising the share of EU energy consump-
tion produced from renewable resources to 20 %; a
20 % improvement in the EU’s energy efficiency (EC
2010b). This scenario assumes that national targets
under the Renewables directive (EP 2009a) and the
GHG Effort-sharing decision (EP 2009b) are
achieved. The policy provisions that are taken into
consideration in the implementation of the Reference
Scenario in LUISA are: Renewable Energy directive,
Common Agricultural Policy, TEN-T Transport Net-
work and EU Biodiversity Strategy which are detailed
in Lavalle et al. (2013).
The amount of land claimed for urban fabric is
driven by population projections provided by Eurostat
Landscape Ecol (2015) 30:517–534 519
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(EC 2011d), NUTS 2 region-specific trends of urban
land used per household, and an assumed general trend
of household size decreases. It assumes a total
population growth of 4.4 % for the period
2010–2050 in the EU27. Industrial and commercial
land requirements are estimated from economic
trends, using as a proxy the Gross Value Added
(GVA) per sector activity and are computed by GEM-
E3, run by the E3M Lab (National Technical Univer-
sity of Athens). The estimated future forest and
agricultural land-use requirements are given by the
G4M/GLOBIUM (Bo¨ttcher et al. 2012) and the
CAPRI (Britz and Witzke 2008) models, respectively.
The configuration of the Reference Scenario is
described in further detail in Lavalle et al. (2013).
The results of the Reference Scenario consist of
gridded maps at 1 ha resolution indicating annual
land-use patterns, accessibility and population levels
for each year between 2007 and 2050.
Assessment of ecosystem services
The projected land use land cover maps as simulated
by LUISA for 2010, 2020 and 2050 were subsequently
used to assess any changes in ecosystem services. The
ecosystem services module of LUISA is called
ESTIMAP (Zulian et al. 2013a) and runs a set of
spatial operations a Geographical Information System
(GIS) environment to calculate the services listed in
Table 1. We adhere to the Common International
Classification of Ecosystem Services (CICES, http://
www.cices.eu, Haines-Young and Potschin 2013;
Maes et al. 2013a, b). CICES provides a framework for
classifying ecosystem services that depend on living
processes. It is hierarchical in structure, with each
level providing a more detailed description of the
ecosystem service being considered. The advantage of
a hierarchical system is that some commonly used
indicators for ecosystem services can be used at the
Fig. 1 Flow chart of the coupled land use—ecosystem services model
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most detailed level while others can represent higher
hierarchical levels if no detailed data is available.
Table 1 contains the specific indicator that was used to
map each service. Hereafter, we briefly summarize the
description of each indicator and we include reference
material where readers can find more details on the
mapping and modelling methodology.
The area of cultivated crops was approximated by
the share of arable land. All water provisioning
services are estimated by a single index which is
based on the ratio between total water supply (Wriedt
and Bouraoui 2009) and aggregated water demand by
different sectors (Vandecasteele et al. 2014). Total
water supply equals rainfall minus evapotranspiration.
Following Nowak et al. (2006) and based on the
regression models presented in Beelen et al. (2009) we
used the total removal of the air pollutant NO2 by
urban and peri-urban vegetation as indicator for the
mediation of waste, toxics and other nuisances by
ecosystems. Increasing urban vegetation correspond-
ing to increased supply, and both higher pollutant
concentrations and urbanization, corresponding to an
increased demand for cleaner air, result in increased
values of this indicator. Erosion control is mapped by
assessing the area of protective vegetation, i.e. forests,
semi-natural areas and pasture in areas with high
erosion risk. Erosion risk was assessed using K-factor,
a parameter used to assess soil erodibility (Panagos
et al. 2012). Soils with K values [0.045 (t ha h)/
(ha MJ mm) are considered sensitive to soil erosion.
Increasing protective vegetation increases this indica-
tor. Coastal ecosystems provide different levels of
protection against flooding and erosion. We used the
ratio between coastal protection capacity and demand
for coastal protection as indicator for this service,
based on the study by Liquete et al. (2013). Increasing
demand, as defined by population and infrastructure,
decreases the value of this indicator if capacity is kept
constant. Pollination is assessed using the relative
pollination potential (Zulian et al. 2013b). We used
changes in Soil Organic Carbon stock which is often
used as indicator for both climate regulation (carbon
stock) and soil formation and composition (Hiederer
et al. 2013). Physical and experiential interactions
(under CICES division cultural services, Table 1) is
approximated by the Recreational Opportunity Spec-
trum, which combines the recreation potential of land
pixels with their accessibility for people (Paracchini
et al. 2014).
The unit of assessment is the European NUTS 2 level.
The NUTS classification (Nomenclature of territorial
units for statistics) is a hierarchical system for dividing
up the economic territory of the EU for the purpose of
the collection, development and harmonisation of EU
regional statistics and of socio-economic analyses of the
regions. Following Raudsepp-Hearne et al. (2010) we
used administrative boundaries for our assessment,
because social processes shape the production and
consumption of ecosystem services. This is especially
relevant for the LUISA platform which allocates land
use based on claims set by economic sectors for which
statistics are available at NUTS 2 level. Furthermore,
NUTS 2 are directly policy relevant, as EU funding and
policies and local as well as regional governance is often
defined at NUTS 2 level. In particular the EU’s cohesion
policy, which is responsible for the main share of the
EU’s investments in regional economies including the
financing of large scale GI projects, needs consistent
spatial information at regional scale in order to make
decisions on future investments using regional funds.
Therefore, we aggregated all results to NUTS 2, using
spatial statistics operations provided by a GIS. All other
inputs to the ecosystem services maps are kept constant.
Total Ecosystem Services Index
We aggregated the eight ecosystem services indicators
into a single indicator, hereafter referred to as TESI8.
This indicator is very similar to other documented
aggregate indicators (see Maes et al. 2012; Dick et al.
2014) but differs in that we have only used indicators
that are dynamically linked to LUISA. The Total
Ecosystem Service Index (TESI8) is the sum of eight
normalised values (between 0 and 1) of each ecosys-
tem service amount in each NUTS 2 unit using the
following formula:
ESnorm ¼ xES  xmin
xmax  xmin
 
; ð1Þ
where ESnorm is the normalised value of the ecosystem
service for each NUTS2 area, XES is the (original)
value of the ecosystem service, Xmin is the lowest
value of XES at any NUTS2 area, and Xmax is the
highest value of XES at any NUTS2 area. TESI8 is
calculated by summing the normalized values per
ecosystem service, which effectively gives equal
weight to each service within the total index.
522 Landscape Ecol (2015) 30:517–534
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As such, the TESI8 index reflects the average level
of provision of the ecosystem services present in each
region. More than an absolute quantification of the ES
provisioning levels, the TESI enables a quick, qual-
itative comparison of the ES provision between
regions of the EU.
Assessment of green infrastructure
Generally, two main GI components are identified:
cores and links (Lafortezza et al. 2013). Here, we used
the GUIDOS software (Vogt 2012) to assess the total
coverage (km2) of each NUTS 2 area by a green
infrastructure network in terms of core areas and links.
The choice of the land-use classes to include in the
assessment of GI components depended on the land-
use typology used in LUISA (Table 2). For this study,
permanent crops and pastures were identified as GI if
they were within an area considered to be ‘‘High
Natural Value Farmland’’ (Paracchini et al. 2008). The
High Nature Value Farmland map comes from a
growing recognition that the conservation of biodi-
versity in Europe depends on the continuation of low-
intensity farming systems. Land abandonment leads to
changes in vegetation and in the landscape. In the long
term, if the land is left unmanaged, it is expected to
turn into forest (Benjamin et al. 2005). For this reason,
abandoned permanent crops and pastures are consid-
ered a component of the GI, assuming they will remain
abandoned. In contrast, abandoned arable land is not
considered as a GI component. Land abandonment is
indeed reported to bring negative and abrupt changes
on the provision of ecosystem services as well e.g. in
semi-arid rural landscapes (Garcı´a-Llorente et al.
2012). LUISA does at present not provide a more
detailed typology of agricultural land use to account
for regional differences in Europe so the present
allocation of abandoned land to GI is the best available
compromise. Forest and semi-natural vegetation,
wetlands, water and other natural habitats (glaciers,
sand dunes and beaches) are also identified as GI
although within LUISA some of these classes are not
Table 2 Typology of the land use modelling platform and inclusion (yes/no) of land classes in the dynamic loop of the model
Land use level 1 Land use level 2 Modelled
classes
GI category 2010 2020 2050
Artificial land use Urban Yes Never 3.81 3.95 4.25
Industry Yes Never 0.72 0.78 0.94
Infrastructure Yes Never 0.37 0.37 0.37
Agriculture Permanent crops Yes GI only if HNV 3.04 3.00 2.83
Cereals Yes Never 11.08 11.19 9.10
Maize Yes Never 3.22 3.23 2.68
Root crops Yes Never 0.88 0.65 0.59
New energy crops Yes Never 0.00 1.21 3.32
Other arable Yes Never 18.70 17.48 16.99
Pastures Yes GI only if HNV 10.02 9.71 9.45
Forests and semi-natural areas Forests Yes GI 33.28 34.08 35.46
Semi-natural vegetation Yes GI 3.62 3.05 2.65
Other nature No GI 6.61 6.61 6.61
Water Wetlands No GI 2.09 2.09 2.09
Water bodies No GI 2.55 2.55 2.55
Abandoned land Abandoned arable land Yes Never \0.01 \0.01 \0.01
Abandoned permanent crops Yes GI \0.01 \0.01 \0.01
Abandoned pastures Yes GI \0.01 \0.01 \0.01
Abandoned urban Yes Never \0.01 0.04 0.11
Abandoned industry Yes Never 0.01 0.01 \0.01
HNV High Nature Value farmland
Relative share (%) of land cover/land use classes in EU-28 according to the simulated reference scenario for 2010, 2020 and 2050
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simulated (see Table 2) and thus remain static over
time.
Data analysis
We assessed the relationship between multi-function-
ality (defined as the number of ecosystem services
delivered per region) and the total supply of ecosystem
services, measured by TESI8. To assess multi-func-
tionality, we counted per region the number of
individual services of which the standardized score
was above the 50th or the 75th percentile. For
example, the 50th percentile is the value below which
50 % of the observations is found.
Changes in the projected value of TESI8 for 2020
and 2050 were assessed relative to the value of TESI8
in 2010 using the following formula:
d ¼ TESI8t  TESI82010
TESI82010
 
 100; ð2Þ
where d is the relative change (%) and TESI8t is the
value for TESI8 in 2020 or 2050.
We assessed the relationship between TESI8, the
relative share of green infrastructure (GI, %) and the
relative share of artificial land use (AS, %) at NUTS 2
scale using multiple linear regression:
TESI8 ¼ a þ b  GI  c  AS; ð3Þ
where a, b and c are regression coefficients. AS is the
sum of all artificial area including urban, industrial and
commercial land use as well as infrastructures.
Equation 3 assumes that every increase of artificial
land results in a decrease of TESI8 while an increase in
GI results in an increase of TESI8.
Target 2 of the EU biodiversity strategy aims to
maintain (and enhance) ecosystem services by 2020.
Using the coefficients of Eq. 3, we calculated the total
area of land covered by green infrastructure AGItot
(km2) which is needed to offset urban expansion to
keep TESI8 constant. This area corresponds to:
AGItot
¼
X
i
GIi;2010 þ cb  ASi;2020  ASi;2010
  GIi;2020 
100
 
Ai;
ð4Þ
where GIi,2010 (%) and GIi,2020 (%) represent the
relative area of green infrastructure in NUTS 2 region i
in 2010 and 2020, respectively; ASi,2010 (%) and
ASi,2020 (%) represent the relative area of artificial
land in NUTS 2 region i; Ai (km
2) is the total surface
area of NUTS 2 region i. The ratio c/b which is derived
from Eq. 3 corresponds to the relative increment in
green infrastructure (%) which is required to offset
urban expansion in order to maintain the value of
TESI8 constant over time at EU scale. Negative values
for the numerator of Eq. 4 are set to 0. This occurs in
NUTS 2 areas where for instance net afforestation is
higher than net urban expansion. This avoids GI
offsetting between regions with a surplus in GI and
regions with a deficit in GI.
Results
Changes in land use and green infrastructure
under the Reference Scenario
Under the Reference Scenario, economic growth,
coupled to population growth, stimulates urban and
industrial expansion (Table 2; Fig. 2). Simulta-
neously, the net surface area of land covered by
forests continues to grow in Europe, in response to
increased demand for energy from biomass and land
abandonment processes. This takes place partially at
the cost of semi-natural areas. Agricultural land is
expected to undergo changes as well, stimulated by an
increased demand for biofuels. In general, arable land
and pasture are expected to decrease but the portion of
arable land for the cultivation of new energy crops is
expected to increase.
The GI network in Europe is expected to expand in
area by 0.2 % by 2020 and 1.1 % by 2050, mainly as a
result of net afforestation. In absolute terms this
corresponds to an increment of 9,421 km2 in 2020 and
47,393 km2 in 2050, respectively.
Impact of land-use change on ecosystem services
We used the simulated 2010 land use/cover data as
baseline to map TESI8 per NUTS2 area in the EU
(Fig. 3). Regions with a lower than average TESI8
value coincide with areas where land is predominantly
covered by urban fabric and intensive crop production.
Regions with a high proportion of forests and wetlands
usually result in TESI8 values that are higher than
average. Dryer areas, where grasslands or shrub are
dominant in the landscape but where also important
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agricultural activities take place, are characterized by
lower TESI8 values. This is particularly evident for
regions in Hungary and Romania as well as in some
regions across the Mediterranean which are known to
be affected by water stress. Coastal protection against
sea-born storms is only delivered by coastal ecosys-
tems and thus increases the TESI8 of coastal regions
relative to landlocked regions. Erosion protection is
only provided by vegetation in areas with a medium to
high erosion risk, mostly in regions with an important
share of arable land on slopes and relatively high
rainfall rates. Air quality regulation is deliberately
restricted to large urban zones and as a consequence,
regions which contain significant patches of urban
trees contribute more to the final TESI8 value.
High values of TESI8 are positively correlated to
multi-functionality or the capacity of an area to
provide multiple services (Fig. 4). Multi-functionality
was calculated by counting the number of services
which a region supplies relative to the other regions in
Europe making use of percentiles scores. Regions
which provide one or two services exhibit lower
TESI8 values than regions which provide more
services. In the discussion we relate this observation
to the assessment of trade-offs among ecosystem
services.
Figures 5 and 6 report the relative change in TESI8
with respect to the Reference Scenario for land-use
change, keeping other input variables to TESI8
constant. By 2020, TESI8 is expected to decrease
across Europe between 0 and 5 % relative to 2010. A
few exceptions are most regions in The Netherlands,
the Scottish Highlands and south–east Croatia where
TESI8 is expected to increase. By 2050, more
pronounced losses in TESI8 are expected with relative
declines of between 10 and 15 % in substantial parts of
Europe. Only in the south-eastern part of the Nether-
lands, TESI8 would slightly increase by about 1 %.
These results suggest that the expected growth of
land that qualifies as GI is insufficient to maintain
TESI8 at the level of 2010 since the expansion rate of
artificial land use is higher than the relative growth of
GI. As a result, TESI8 is expected to decline (Fig. 7).
Aggregated at the EU level, the loss in TESI8 by 2020
was estimated at 1.6 % relative to 2010, while in 2050
an overall loss of 5.2 % is expected if land-use trends
continue as set by the Reference Scenario.
The relationship between TESI8, the share of
artificial land and the share of GI was modelled using
multiple linear regression on the data per NUTS 2
region for the base year 2010. Table 3 lists the
regression coefficients and the model diagnostics.
The model yielded significant regression coefficients.
As expected, TESI8 is positively associated with the
share of GI (Fig. 8) while it is negatively associated
with the share of artificial area in a NUTS region
Fig. 2 Change in relative
land cover and land use (%)
in the EU according to the
reference scenario
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(Fig. 9). The ratio between the regression slopes
suggests that a 1 % increase in the share of land
covered by artificial land needs be supplemented by a
2.2 % increase in the share of GI in order to keep
TESI8 at 2010 levels. It follows that in addition to the
expected increment of GI under the Reference
Scenario, 19155 km2 of land will need to be converted
to GI to maintain ecosystem services in the EU at 2010
levels.
Discussion
General findings
Two important observations can be obtained from this
study. Firstly, GI enhances the delivery of multiple
ecosystem services at the regional scale in the EU.
Regions where more land is covered by GI provide
more services at higher aggregated quantity. GI
Fig. 3 Spatial pattern of the total ecosystem services index (TESI8) based on the sum of eight standardized ecosystem services
indicators
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influences the capacity of ecosystems to provide
services across a range of scales. For cities, within
the context of urban planning and urban ecology, there
is a vast body of literature about the potential benefits
of designed urban green space or urban green infra-
structure to provide ecosystem services to citizens
(e.g. Pataki et al. 2011). In rural areas, GI includes
nature reserves, parks and open spaces, forests and
farmlands and provides thus the links which binds
ecosystems together, facilitating the flow of ecological
processes (Lafortezza et al. 2013), and hence, ecosys-
tem services.
The second and more important observation of this
study is that, given the assumptions of our integrated
modelling approach, maintaining ecosystem services
as proposed under Target 2 of the EU biodiversity
strategy, requires expanding the network of green
infrastructure and (or) increasing the efficiency of
artificial land use by urbanization for instance, by
promoting a more compact design of cities. If cities
expand under the assumptions of the Reference
Scenario maintaining ecosystem services requires
growth in green infrastructure at a rate which doubles
the growth rate of artificial land use. Urbanization of a
given region results in a supply fall of ecosystem
services due to soil sealing while at the same time the
demand for ecosystem services rises by the increasing
numbers of urban dwellers.
One possible argument against our conclusion is that
the aggregated indicator we used in this study, TESI8,
does not sufficiently represent the full array of ecosys-
tem services that is provided, nor that it sufficiently
reflects the trade-offs that may exist among ecosystem
services. Synergies and trade-offs among ecosystem
services at EU scale are analysed in Maes et al. (2012).
At European scale, the production of crops and
livestock is negatively correlated to other ecosystem
services. Regulating services mostly occur in two
separate bundles. Landscapes that are mostly covered
by forests deliver mainly carbon storage, air quality
regulation, protection against soil erosion, and recrea-
tion. Landscapes where open water and wetlands
predominate are evidently important providers of water
and water regulating services; they also maintain
important carbon stocks in form of organic material.
Clearly, enhancing some services such as food and
timber production inevitably results in losses of other
services. These trade-offs cannot be captured fully by a
single, aggregate statistic. For this reason, Dick et al.
(2014) used separate TESI values for delivering regu-
lating and cultural ecosystem services, aside from an
aggregate TESI in a cross-scale assessment of ecosys-
tem services in 11 sites of the Environmental Change
Network in the UK. Yet, here we argue that TESI is
useful to assess at broad scale whether or not ecosystem
services are maintained or lost. The positive relation-
ship between the number of ecosystem services that are
provided by a single region and the total aggregated sum
of these services reflected by TESI gives confidence in
our approach. European regions which deliver few
services have significantly lower TESI values than
regions where multiple services are provided. We
conclude that the particular construction of TESI8 as a
sum of standardized scores of individual ecosystem
services effectively indicates both multi-functionality
and total supply and is thus useful to measure progress
to target 2 of the biodiversity strategy.
Implications of a European GI network
that complies with the biodiversity strategy
We have seen that, apart from the expected increment
of GI under the Reference Scenario, Europe would
need to expand the GI network by about 20,000 km2 of
land to maintain ecosystem services at 2010 levels.
Implementing several tens of thousands of hectares of
GI does not come without cost and it requires the
conversion of land that is now used otherwise.
However, recent updates of several EU policies
Fig. 4 Relation between the number of services and the total
ecosystem services index (TESI8) based on the sum of eight
standardized ecosystem services indicators. The number of
services in every region was calculated by including ecosystem
services which delivered values that are higher than 50 and 75 %
of the observations, respectively
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foresee the expansion of land that qualifies as GI. Here
we discuss four main strands of land development,
both in urban and rural areas, which take place at EU
scale and which can contribute to a network of GI that
supports biodiversity targets including the mainte-
nance and enhancement of ecosystem services.
The establishment of Ecological Focus Areas
(EFAs) under the new Common Agriculture Policy
(CAP 2014–2020) may contribute significantly to an
expansion of the GI network in Europe. EFAs are areas
in agricultural land covered by field margins, hedges,
trees, fallow land, landscape features, biotopes, buffer
strips, and afforested area. Under the new CAP
regulation, at least 5 % of the arable area of holdings
with an arable area larger than 15 ha must be allocated
to EFA. Such areas contribute to several ecosystem
Fig. 5 Change (%) in the total ecosystem services index expected for 2020 under the reference scenario for land use change relative to
2010
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services, but in particular to pollination, biological
control, soil erosion prevention, water quantity and
water quality regulation; all of which are important to
support sustainable agriculture (Bommarco et al.
2013).
Another important policy which is expected to
contribute to the development of a GI network across
Europe is set by the Convention of Biological
Diversity (CBD), which requires under its Target 15
to restore 15 % of degraded ecosystems. Following
the adoption of the so called Aichi targets under the
CBD, the EU biodiversity policy to 2020 explicitly
links GI creation to the 15 % target. Besides land
conversion and habitat destruction, the loss of con-
nectivity between habitats and ecosystems is a major
cause of biodiversity loss and ecosystem degradation.
Reconnecting fragmented landscapes and nature
reserves through GI elements such as green corridors,
Fig. 6 Change (%) in the total ecosystem services index expected for 2050 under the reference scenario for land use change relative to
2010
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ecoducts, or ecological buffer zones around natural
reserves will be essential to meet the biodiversity
targets and to provide a network along which species,
some of which deliver key ecosystem services, can
move and adapt under a changing climate.
Thirdly, some observers advocate that the rewilding
of abandoned landscapes in remote areas in Europe as
another, as an additional way to enhance the aggregate
delivery of ecosystem services at EU scale (Navarro
and Pereira 2012). Contemporary rewilding is the
restoration of interconnected core wilderness areas
based on the regulatory roles of keystone species and
large predators (Soule´ and Noss 1998). Navarro and
Pereira (2012) examine the benefits and challenges of
rewilding and report in particular enhanced cultural
services such as wild-life based tourism and increased
regulating ecosystem services related to the carbon
and water cycles. Where desirable, rewilding repre-
sents thus another option to, at least partially, find
space for the implementation of GI in Europe,
provided that possible conflicts which arise from
overlap between human activity and wildlife are
carefully considered.
A fourth and increasingly important area for
consideration of GI development is the city and its
Fig. 7 Change in TESI8, green infrastructure and artificial land
use aggregated at EU scale according to the reference scenario
Table 3 Regression results and diagnostics
Regression
coefficients
Coefficient SD t p
a (intercept) 2.3367 0.068 34.5 \0.05
b (slope of GI
in Eq. 3)
0.0093 0.001 7.9 \0.05
c (slope of AS
in Eq. 3)
-0.0206 0.002 -11.7 \0.05
R2 0.58
F 179.1
p \0.05
Multiple linear regression based on Eq. 3 using data for 267
NUTS 2 regions in Europe
Fig. 8 Relationship between the total ecosystem services index
(TESI8) and green infrastructure
Fig. 9 Relationship between the total ecosystem services index
(TESI8) and artificial land
530 Landscape Ecol (2015) 30:517–534
123
surrounding landscape. In cities GI is linked to human
health through the ecosystem services that are pro-
vided by urban parks, peri-urban green belts, or forests
and semi-natural areas which surrounds cities. Health
benefits derived from urban and peri-urban GI include
increased air quality, regulation of the micro-climate
through the cooling effects of vegetation, recreation,
psychological health and mental well-being. At
regional scale peri-urban GI contributes to recreation
while providing other regulating services such as
water regulation, flood risk prevention and carbon
sequestration (Go´mez-Baggethun and Barton 2013).
Besides the availability of land, also the cost
associated with the creation and maintenance of large
surface areas of GI to enhance ecosystem services is a
critical factor. Implementing GI across the EU
requires considerable investments. Estimates for 90
individual GI projects range from €0.5 to €5 million
(Naumann et al. 2011) while these authors found that
five very large projects had budgets over €25 million.
Financing projects of this scale requires investments
of large funding bodies. At EU scale, funding of this
size is only available through the cohesion policy or
the European Investment Bank. Using such funds for
large scale restoration projects and deployment of GI
requires demonstrating that investments do not only
contribute to environmental policy targets but also
deliver jobs and create economic growth through
innovation. Clearly, GI delivers value through the
ecosystem services they provide and scientific
research continues to provide more robust estimates
of such values (de Groot et al. 2012). A convincing
case for urban GI is presented by Vandermeulen et al.
(2011) who assessed costs and benefits of a green belt
investment around a Belgian city. Costs considered by
this approach include land purchasing costs, design
and construction costs and maintenance costs of the
infrastructure, whilst benefits include production and
regulating ecosystem services such as air quality
improvement and climate change mitigation, as well
as improved health from cycling, reduced accident
risks, as well as recreational benefits. At the regional
scale, the project was expected to deliver additional
benefits that were more than twice as high as the costs.
Going to the global scale, a review of over 200 studies
by De Groot et al. (2013) demonstrated that even
under the worst case scenarios (assuming 100 % cost
and only 30 % benefit) in six of the nine biomes
restoration yielded net economic benefits, providing a
financial profit. Importantly, and not considered by De
Groot et al. (2013), economies of scale—the decreas-
ing cost per unit output with increasing scale—may be
possible to safe costs on large scale restoration (Menz
et al. 2013), for instance by sharing fixed costs for
project management, knowledge generation and main-
tenance of restoration infrastructure such as seed
banks or equipment. In addition, expected job creation
is a powerful argument to convince budget holders for
investment in GI projects. Edwards et al. (2013)
present evidence that job creation per million US$
spent on nature conservation and restoration is con-
siderably higher than for other traditional industries
including coal, gas, and nuclear energy generation.
Conclusion
The increasing concentration of people in cities
presents both opportunities and challenges. Cities are
poles of growth and innovation (Bettencourt et al.
2007) but growing cities depend on a sustained supply
of life-supporting ecosystem services (Ervin et al.
2012). We concluded that in Europe urbanisation
should be accompanied with additional growth of GI
which provides services that are as important as other
urban infrastructure. To offset land losses due to
urbanisation and to account for additional demands of
increasing population for resources, we concluded that
substantial investments in the development of GI are
needed. This requires smarter use of available land and
demonstrating that investments in GI may lead to
additional benefits for the society as a whole.
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